Abstract Enlarged parietal foramina (EPF) are a quite rare developmental defect of the parietal bone which has to be distinguished from the normal small parietal foramina. We report a forensic case of an individual found in an advanced state of putrefaction in his own house with an undetermined cause of death. No evidence of trauma was observed, and the toxicological exam was negative. The victim was a 40-yearold man with a history of epilepsy. The large biparietal foramina, a rare anatomical variation and unusual autopsy finding, were observed at autopsy. The recognition of anatomical variations is important to avoid false interpretations and conclusions and has a significant potential as an identity factor, thus contributing to positive identification.
Introduction
Enlarged parietal foramina (EPF), giant parietal foramina or foramina parietalia permagna, are an extremely rare [1] developmental defect of the parietal bone and are due to abnormal intramembranous ossification. They were first described in 1707 [2] , and since then, the understanding of this condition has evolved substantially. In normal fetuses, the frontal, parietal, and squamous parts of the temporal bones undergo intramembranous ossification which is a direct ossification of the vascularized membrane. These bones usually ossify during the fifth month of gestation. When there is insufficient ossification around the parietal notch, they end up as large permanent foramina [2] . EPF are located in the upper posterior angle of the parietal bone close to the intersection of the sagittal and lambdoid sutures, between the posterior third and middle third of the sagittal suture [3] and are presented as symmetric, paired radiolucencies on skull radiographs. They can enable a forensic identification through comparison between antemortem and postmortem radiographs.
Enlarged foramina parietalia: the state of art
Enlarged parietal foramina are symmetrical, normally oval defects in the parietal bone situated on each side of the sagittal suture. Other used terminologies are fenestrae parietales symmetricae, foramina parietalia pragma, and Catlin marks. They can range from a few millimeters to several centimeters in diameter [2, 4] , having been reported as large as 2.0 cm [4] , although the average size is under 0.5 mm and a size greater than 1.5 mm is rare. Their incidence is not that clear: Tubbs [5] reports an incidence of approximately 1 in 15,000-25,000 and a transmission through autosomal dominant inheritance. Prevalences of 1:15,000 to 1:50,000 are also reported [2] .
The condition is distinguished from small parietal foramina which are approximately 1-2 mm in diameter [2] , may occur both unilaterally and bilaterally, and are variable in number [6] .
Broca, in 1875 [7, 8] , already pointed out unusual enlargement of the parietal foramina which is due to a failure in the development of the parietal bones [9] . This neurocranial abnormality was recently reported for a Pleistocene human fossil, Xujiayao 11, in China, which constitutes the oldest evidence in human evolution of this very rare condition [10] . Because it is autosomal dominant, it can help forensic identification once the victims' relatives are aware of their existence. In some instances, these anatomical variants, covered with fibrous membrane, are associated with lambdoidal and/or sagittal agenesis [11, 12] . Although these defects are benign in the majority of cases, they can be associated with brain anomalies [11] . When associated with pathologies, which is infrequent, those can be turricephaly, cleft lip or palate, craniofacial dysostosis, broad thumb syndrome, cleidocranial dysostosis, and a syndrome consisting of hypogenitalism [12, 13] . Microphthalmia, hyperglycemia, obesity, and mental delay can also be associated [5] . Hollender [14] also mentioned craniosynostosis, whereas Tubbs [5] points to an exception where these foramina were present in a patient with Duane's syndrome. It was also reported to be associated with metopism and irregular synostosis of coronal suture [15] .
Reddy and collaborators [13] , when taken all these occurrences altogether, conclude that Bthat aberrant vascular evolution during fetal development may affect cerebrovascular, brain, or skull development.^One of the most known familial cases concerns a family of 32 members in which 13 of them displayed them. Furthermore, two out of these 13 individuals had cleft lip and cleft palate [14] . Mavrogiannis et al. [16] state that heterozygous mutations of the homeobox genes ALX4 and MSX2 are at their origin. Greig [17, 15] who has been one of the principal authors on the subject of enlarged parietal foramina has stated that the condition is so rare that every case should be recorded, and this is one of the reasons why we think this case is worth publication.
One study [2, 5] reports individuals with both small and enlarged parietal foramina simultaneously. The hereditary nature of EPF as well as associated genes has been described [11] . Evidence suggests that this condition has a strong genetic heterogeneity [12] .
In what concerns, EPF distribution by sex and age, unexpectedly the average size of parietal foramina in Polish females was reported to be twice as large as in males (3.0 mm in females and 1.5 mm in males), ranging from 0.38 to 16.8 mm and suggesting sexual dimorphism in parietal ossification. Boyd [18] however found no difference in age or sex and stated that the average size of this foramen is less than 0.5 mm and a size larger than 1.5 mm is rare. Reddy et al. [13] reported that this foramen can be considered enlarged when larger than 5 mm. Circular, oval, or slit-like enlarged parietal foramina measuring several centimeters in diameter or length are rare in the literature [2, 6, 19] .
Case report
A Caucasian 40-year-old man missing for 5 days in the summer of 2014 was found in ventral decubitus with no signs of struggle at his house and was then identified circumstantially. He had a history of untreated epilepsy. Toxicology was negative, and the forensic autopsy showed the presence of enlarged parietal foramina, an atypical and rare finding (Fig. 1) . The cadaver had no traumatic injuries and the cause of death was inconclusive due to the advanced state of putrefaction though it was possible to discard a violent death. As it can be seen in Fig. 1 , the individual's skull retained normal sutures, namely sagittal and coronal and no craniosynostosis was noticed.
Discussion
Circular, oval, or slit-like enlarged parietal foramina measuring considerably more than a few millimeters in diameter or length are rare in the literature [3, 18] ; therefore, this is a worthwhile case report. We believe that the existence of an antemortem X-ray of the posterior vault of this individual would have been enough to corroborate a positive identification. The superimposition of ante-and postmortem X-rays, done exactly at the same position and orientation, would be a singular identity factor. The potential of such rare finding also justifies an inquiry with the nearby close relatives to verify the existence of this condition in the family since it is often a hereditable trait [11] . In this case, it was not possible to get in touch with the family which also precluded the verification of any correlation between EPF and epilepsy.
We believe that if more cases like this are reported and discussed, the more probable will the presence of EPF contribute to a positive identification. Forensic experts really need to be aware about these anatomical variants and to do research in order to know their frequencies in populations nowadays. If rare features like this one start to be more frequently documented, we can obtain a more reliable frequency of this trait; therefore, we recommend that every case should be published. In principle, the rarer the feature is; the more probable it will contribute to identification. This is one of the reasons why we decided to call the attention to this case.
Conclusion
Enlarged parietal foramina which within developmental field disorders of the skull are classified as blastemal desmocranium [9] involve the lack of ossification of the posterior membranous parietals. They can acquire several shapes being the present ones designated as ovoid openings.
It is important that forensic experts be aware of anatomical variations and their possible clinical manifestations. Their mere presence does not necessarily imply neurological manifestations. Most EPF are asymptomatic and benign although an association with other malformations is possible. The interaction between the meninges and the scalp veins suggests an additional route to spread infection like in the case of meningitis.
Last but not the least, these foramina can, at a first glance, be confused with trepanation or gunshot wounds (GSW) because of both their size and shape. For ruling out a GSW, a detailed analysis of the edges, which are never sharp, and the absence of any type of beveling are key marks that will preclude such a classification. In what concerns the discrimination among trepanations and EPF, whereas the edges are not enough to make the distinction since they both look remodeled, their location and symmetry are signs of exclusion.
More studies in the frequencies of EPF can turn those into even better identity factors since the rarer a defect is, the more chance it has to provide identification.
